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A METHOD FOR THE EARLY DIAGNOSIS OF CANCER 



FIELD OF THE INVENTION 

This invention relates to methods foe the early diagnosis cancer. 

BACKGROUND OF THE INVENTION 

It is generally agreed that early diagnosis of cancer is almost always a 
5 prerequisite of successful treatment. For example, the WHO Expert Committee's 
Report on Early Detection of Cancer (1969) stated that over half of cancer patients 
could have been cured if the disease had been detected at an early stage and treated 
soon after detection, hi view of the widespread incidence of the disease, mass 
screening techniques would evidently be of great value, such as is available, for 
to example, at least in developed countries, in the field of tuberculosis of the chest by 
means of mass X-ray examination. 

Among previous proposals for tiic diagnosis of cancer may be mentioned 
the Mowing. In U.S. Pat No. 3,476,514, mere was described a method of 
delecting cancer cells by staining test cells with acriHavine-HCl solution, 

15 determining indirectly the dye absorbed by the lest cells and comparing with a 
control. -TP 54,143,528 proposed a method for diagnosing malignant tumors which 
utilized an injectable composition containing an endotoxin extracted from cultured 
bacteria. In GB 1587244, there was described inter alia, the use in a serum 
agghitmation test on the sera of patients, for the detection of neoplasm, of an 

20 antigen produced by a species of the genus Streptococcus . 

BodiJy health is known to be affected by fee nature of the intestinal flora, 
which apparently influences, for example, metabolic processes and both local lad 
general, body immune response. Tt has also been known for some time that certain 
of the intestinal flora bacteria of normal humans have oncolytic activity, and thai 
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there exists a relationship between intestinal microflora! composition and cancer 
morbidity, see e.g., OleyniJc, S.F. and Panchishina, M.V., "About Coliflora and 
Cancerolycity and Carcanogenicily of the intestine", Vrachebnoye-delo, 5:13-17 
(1968). 

5 There are several publications relating to the use of fecal samples for the 

detection of cancer. For example, EP 685739 described a method for the diagnosis 
of colorectal cancer comprising reacting anti-DA* antibodies with a supernatant of 
a fecal sample thereby forming an antigen-antibody complex and measuring the 
amount of complex formed. Another publication is U.S. 5,952,200 which describes 

10 a test for diagnosing the presence of cancerous cells in samples of human tissue, 
fluids or semi-fluids such as feces, by the detection of transcripts for stromelysin0-3 
in the tissue cells. 

JP 6258324 describes a method for the diagnosis of digestive-system cancer 

disease by using an antibody selective to variation-type protein of the cancer- 
is suppressing gene P53, while U.S. 5,455,160 describes a method for detenmnation 

of fecal calpru lectin as a parameter for monitoring Inflammatory Bowel Disease 

and gastrointestinal cancer. 

Finally, U.S. 5,344,762 describes a method for an early diagnosis of cancer 

by incubating in vitro a human fecal sample including bacteria with a standard 
20 culture of a known number of cancer cells. After a time period the number of 

cancer cells interacted and non- interacted, with the bacteria is counted and the 

results are used for determination of a disease stale. 

SUMMARY OF THE INVENTION 

Tt has now been found that healthy individuals and cancer patients show 
25 striking differences in their fecal microflora. la particular, healthy individuals were 
shown to present a higher percentage of Escherichia coli (E.coli) with canceroh/tic 
activity as compared to the microflord of cancer patients. 



Thus, according to a first of its aspects, the present invention provides a 
method for the early diagnosis of cancer in a subject, the method comprising the 
steps of: 

i) providing a fecal sanrolc from said subject; 

ii) treating said sample to obtain a feces-dcrived microorganisms sample; 
Hi) identifying in the microorganism sample one or more types of 
microorganisms contained therein and; 

iv) determining for said one or more microorganisms ils relative fraction 
from the total count of microorganisms in said sample or in a corresponding 
sample, the relative fractions being indicative of the presence or absence of 
cancer in said subject. 
The term "earfy diagnosis of cancer as used herein interchangeably with 
the terms "early detection of cancer", "cancer screening" or "confirmation of 
cancer" is intended to convey such diagnosis, whether or not (he cancer has 
reached the stage in which it is detectable by other methods presently available to 
the clinician. 

The present invention also provides, according to a second of its aspects, a 
method for an early diagnosis of cancer in a subject comprising the steps: 

i) providing a fecal sample from said subject; 

ii) treating said fecal sample to obtain a feces-dcrived microorganism 
sample therefrom; 

»i) identifying in the bacteria sample one or more types of 
microorganisms; 

iv) detcrmbing for each of said microorganisms its relative fraction from 
Hie total count of microorganisms in said sample or in a corresponding 
sample; 

v) isolating one or more microorganisms from said sample for which 
their relative fraction was determined; 
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vi) preparing a diagnostic sample containing one or more of the isolated 
microorganisms, the fraction of the microorganisms in said diagonstic 
sample corresponding to the relative fraction thereof in the fecal sample, as 
determined in step (iv); and 
5 vii) interacting said diagnostic sample with cancer ceils for a time period 
sufficient to detect lysis of said cancer cells by the microorganism in said 
diagnostic sample, thereby determining for said fecal sample a tumor cell 
necrosis index (TCNI). 
As indicated above, the diagnostic sample may contain one or more 
10 microorgamsms. When containing a single micronrganlsm. the 1 alter is diluted in 
the suitable medium to a concentration corresponding to its relative concentration 
in the original fecal sample. However, when using two or more isolated 
microorgamsms they are re-mixed to form a dispersion of microorganisms in which 
the fraction of each microorganism corresponds to its relative fraction in the 
15 original fecal sample. The fonnotiori of the diagnostic sample may be referred to 
herein, at times, as the rc-mixing step. 

An important feature of this aspect of the invention involves removal of 
contaminations from the fecal sample before preparing the diagnostic sample irom 
the isolated microorganism according to their relative fraction in the original fecal 
20 sample. Therefore, treating the focal sample to obtain a feces-derived 
microorganism sample Uierefrom includes, removal of undestred contamination 
from the fecal sample to ubtain an uncontaminatcd feccs-derived microorganism 
sample. It has been found that the presence of contamination from the feccs- 
derived microorganism samples, results in deviation in the value obtained for the 
25 TNCl. 

Finally and in accordance with a third aspect of me present invention, there 
is provided a method for an early diagnosis of cancer in a subject comprising the 
steps: 
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S) providing a fecal sample from said subject; 

ii) treating said sample to obtain a feces-derived microorganism sample; 

iii) identifying in the microorganism sample one or more types of 
microorganisms contained therein and isolating at least one microorganism 

5 capable of expressing in a healthy subject L-asparaginase II (L-PAR II); and 

iv) determining level of expression of L-PAK. 11 by the isolated 
microorganism or level of asparginase hydrolysis by said L-PAR II, said 
level is indicative of the presence or absence of cancer cells in said subject. 

As will he shown in the following non-limiting examples, the level of 
10 expression L-PAR n or level of asparginase hydrolysis by the enzyme indicates the 
probability of an individual to have cancer. Tn particular, low levels of expression of 
L-PAR II as well as low levels of asparaginase hydrolysis may suggest die high 
probability of a subject to have cancer. 

BRIEF DESCRIPTION OF THE FIGURES 

J5 Figure 1 is a schematic illustration of the methods of the present invention. 

Figures 2A-2B are pictures obtained by microscope of cancer cells treated with the 
diagnostic sample of the present invention, the diagnostic samples derived either 
from a healthy subject (Fig. 2A) or form a cancer patient (Fig. ?B). 

DETAILED DESCRIPTION OF THE US VUJNTION 

20 The present invention is based on the finding that there is a correlation, 

between the relative fraction of njicroorganisms in die feces and the probability of a 
subject to have cancer: In addition, when incubating standard cancer cells With 
specific microorganisms isolated ftom feces of a subject susceptible of carrying 
cancer cells, the rmcroorganisms being mixed in a relation corresponding to that 

25 present in the feces of the individual, their capability to lyse (he cancer cells was 
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found to be indicative of the absence or presence of cancer cells in Ihe subject and 
of the level of disease in said subject 

Figure 1 provides a schematic ittuslraliurt of the different aspects of the 
method of the present invention. 

5 Thus, according to a first of its aspects, (he present invention provides a 

method for the early diagnosis of cancer in a subject The method comprises the 
steps of (i) providing a fecal sample (step 10) from said subject; (ii) Creating said 
sample to obtain a feces-derived microorganisms sample, for example, by removal 
therefrom undesired contamination (step 12), such as aggressive microorganisms 

10 which may lead to deviation in the screening; (iii) identifying in me microorganism 
sample one or more microorganisms contained therein (step 14); and (iv) finally 
determining for each of said microorganisms its relative fraction from the total 
count of microorganisms in said sample or in a corresponding sample (Le. a second 
sample from the same subject, being, treated in the same manner as the tested 

is sample) (step 16), the relative fractions being indicative of flic presence or absence 
of cancer in said subject (step 18). 

The subject, m be diagnosed for cancer is preferably a mammalian animal 
and more preferably a human. 

According to one embodiment, any type of the various types of malignan t 

20 neoplasms derived from epithelial tissue (i.e. carcinomas) may be detected by the 
method of the present invention. As will be appreciated by those versed in the art of 
medicine, such neoplasms occur frequently in the skin, large intestine, lung, 
prostate gland and breasts among other organs. Therefore, according to one 
preferred embodiment the method of rhe present invention may be utilized for the 

25 early detection of any one of the above carcinoma. 

The relative fraction in the fecal sample of each type of the microorganisms 
is determined by calculating the percentage of said microorganism from the total 
count of microorganisms in the same feces derived sample. In order to determine 
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ihe same, the micrxKirganisrus are preferably first treated, e.g., to remove undesired 
contaminjatfons, followed by isolation of the microorganisms by any conventional 
isolating technique. For example, the microorganisms may be isolated by culoiues 
formation on selective culture mediums, as will be further detailed hereinafter. 

5 According to one embodiment the niicrouiganisrns employed by llie 

screening method of the present invention are bacteria. One group of feces-derived 
bacteria includes, without being limited thereto, gram-negative anaerobic bacteria. 
Examples of such gram negative bacteria that typically inhabit, the imjestinal tracts 
Escherichia, Salmonella, Shigella, Klebsiella, Yersinisa, Rnterohacter, 
to Hemophilus, Gardncrclla and Pasteurella. 

According to one preferred embodiment, the hacteria employed by the 
method of the present invention are H.coli. these bacteria may be isolated from 
the feccs-dcrived sample by the use, for example, of culture medium selective for 
E.ooli, such as MacConkcy agar or m-Endo agar. 

l s In addition, the bacteria may be a gram-positive bacteria . Examples of gram- 

positive bacteria include, inter alia, Staphylococcus, Enterococcus, Streptococcus, 
Luclococcus. According to one preferred embodiment the bacteria is Streptococcus 
bovis or Enterococcus sp. 

The Enterococci coliform may be isolated from the fecal sample by 

20 culaaing Hie feccs-dcrived sample on a culture medium selective tor Enterococcus. 
Non-limiting examples of Enterococcus selective mediums include Slanetz-Bartley 
agar and B ile-esculine-azide agar. 

Evidently and as vnll be further explained in the following description, the 
scre ening method of the present invention involve determination of the relative 

25 fraction of a single type of bacteria or of several bacteria in order to determine the 
probability of a subject to have cancer. Each kind of bacteria being identified and 
isolated as described above. 
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Reftsning attain to Fig. 1, the screening method of the present invention may 
include the additional steps of (v) isolating one or mure rdcruoigaijisnus from ihe 
sample for which their relative fraction was determined (step 20); (vi) preparing a 
diagnostic sample ccmraining one or more of the isolated microorganisms, the 
5 fraction of the rrncroargarusms in the diagonstic sample corresponding to the 
relative fraction thereof in the lecal sample, as determined in step (iv) (step 22) 
Dilution or re mixing of the microorganisms in a controlled manner as defined 
above is essential in order to increase the effectiveness of the method of the 
invention); and (vii) interacting (contacting) the mixture with cancer cells for a time 
to period sufficient to detect lysis of the cancer cells by the bacterial mixture (step 
24), from which a tumor cell necrosis index (TCNI) is determined for the specific 
tested fecal sample (steps 26, 28). 

The cancer cells employed may be any standard culture of cancer cells, for 

example MCF7. The interaction of the bacteria mixture -with the cancer cells 
15 includes incubation of the bacteria and cancer cells under conditions suitable for 

the bacteria, to act on the cells. These conditions include suitable temperature (e.g. 

37°C), and a time period (in the following examples, 4 hours),, sufficient to 

determine the extent of interaction between the bacteria and the cancer cells, the 

extent of interaction is determined by the degree of lysis of the cancer cells by the 
20 bacteria mixture (the diagnostic sample). This may be observed, for example, by 

the aid of a microscope or an Automated Computer Assisted Microscope, wherein 

the number of remaining cancer cells is counted. 

Figures 2A and 2B show microscope pictures obtained after incubation of 

cancer cells with a bacterial sample obtained from a healthy subject, (Fig. 2A) or 
25 from a cancer patient (Fig. 2B.) These pictures show that in the presence of a 

bacterial sample obtained from a sick subject, only a tew cancer cells remain, i.e. 

there is an effective lysis of the cancer cells by the bacteria- 
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Refeiring again to Fig. 1, the method of the invention may comprise the 
steps of; 

i) providing a fecal sample from said subject (step 10); 

ii) treating said sample to obtain a feces-derived microorganism. 
5 sample (step 12); 

iii) identifying in the bacteria sample at least one type of 
microorganism capable of expressing in a healthy subject L-asparaginase 
H (L-PAR H) (step 14); and 

iv) detenmniag level uf expression of L-PAR, U or level of activity of 
io T,-PAR TT (Step 30), the level is indicative of the presence or absence of 

cancer cells in said subject (step 32). 

L-asparaginasc is an enzyme which catalyses the hydrolysis of L-asparagine 
to aspartate and ammonia. It may be isolated from a number of sources including 
bacteria, plants and animal tissues, but not from humans. Escherichia coll produces 
15 two forms of this enzyme designated type I and type n. The two types of L- 
asparaginases diflfcr in a several aspects, some of which are detailed below: 

1. L-asparaginasc I (L-PAR f) is an enzyme located in the cytoplasm, 
whereas L-PAR II is a secreted protein. 

2. Hie activity of L-PAR II is regulated by oxygen levels in the 
20 medium such thai a high level of induction is obtained under anaerobic 

conditions. 

3 . L-PAR n has a much higher aJIiiuly for is substrate than L-PAR I. 

4. The two enzymes have different solubility and chromatographic 
behavior as well as a different pH-dcpondcnt activity. 

25 L-PAR II has been shown to inhibit the growth of a number of animal 

tumors in vivo , and to interfere with the synthesis of proteins in vitro . The anti- 
tumor activity of L-PAR n may result from the need of the cancer cells for their 
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rapid, malignant growth and thus, survival a large amount of asparagincs. These 
cancer cells use aspartames from (he diet as well as Horn eudogeuuusly produced 
product (which is limited) to satisfy their large asparagincs demand. Treatment of 
cancer cells with L-PAR n was found to cause increased hydrolysis of asparagine 
5 external to the cell, such that while normal cells are able to provide themselves with 
all the asparagine they need internally, cancer cells become depleted rapidly and 
die. 

As will be shown in the following examples, it has now been found that 
healthy individuals and cancer patients show striking differences in their fecal 

10 microflora, and in particular in the levels of L-PAR II therein which let to the 
claimed invention. In particular, the present invention disclosed the correlation 
between levels of L-PAAR II and cancer cells, such that low levels of expression of 
L-PAR II or of activity of L-PAR II, indicate Hie presence of cancer cells in said 
subject and vice versa. 

j 5 As will be appreciated by the skilled in rae art, difirerent bacteria may 

express L-PAR II. L-PAR II isolated from E. coli has been extensively studied and 
appears as a tetramcr of approximately 140 kDa. Thus, according to one preferred 
embodiment of the invention, the bacteria identified and isolated for detection of 
the level of expression or activity of L-PAR II is E. coli, 

20 The following description provides specific examples for executing the 

present invention. The present invention is defined by the claims, the contents of 
which are to be read as included within the disclosure of the specification, and will 
he described in the following non-limiting examples. It should be clear that other 
variations in form and detail of the invention may be possible without departing 

25 from the scope and spirit of the invention as herein disclosed. 
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EXAMPLEI 
Materials 

Mac Conkcy agar; m-Enda Agar Les; Slaaetz-Bartley agar; Bile-esculine- 
azide agar; Simmons citrate; MIO medium; Mueller Hinton agar; &culine 
5 agar/TSA+6.5% NaCl (divided plate); and Indole test strips were all purchased 
from Hylabs, Park Taraar, Rehovot, Israel 
Methods 

Preparation of fecal samples 

Samples of feces were homogenized, weigh (5 gr per sample) and 
10 introduced each into sterile, 50 ml, tubes. Each sample was then diluted with sterile 
Saline (20 ml), vortexed for approximately 10-15 seconds end then incubated upright 
at mum temperature for approximately 15 minutes until large particles settled to the 
bottom of the tube. Alternatively, the samples may be spinned. for 3 minutes at 400 rpm 
(Survall centrifuge) until the large particles settle at the bottom of the tube. 
15 From each sample, the upper portion (i.e. not including the large particles) 

was removed and introduced into a second sterile tube further vortexmg for 
approximately 5 seconds. Alternatively, a bacteriological loop may be dipped into 
the upper portion of the sample for removal of desired aliquots. The resulting 
samples were men optionally diluted with sterile Saline according to the following 
70 rations: 1:10 2 , 1:10*, 1:10™ 1:10 12 . 

Preparation ofmicrourgunism colonies 

Aliquots (lOOul) from the 1:10* and 1:J0 4 diluted samples were 
homogeneously inoculated on dry Slanetz-Bartlcy and Bile-esculine-azide plates 
(for isolation of EnCerueueeus sp). 
Z5 hi addition, aliquots (lOOul each) from the 1:1010 and 1:1012 dilutions 

were homogeneously inoculated on dry MacConkey (for isolation of coliform 
containing Esvfterichia coli (B.coK)). Mueller Hinton agar plates were used to 
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determine Gram negative and total bacteria count and were inoculated in the same 
manner as with the MacConkey plates. 

A sample from the untreated (undiluted) feces (10ul) was spread on 
McConkey Agar plate or m-Endo Agar Lcs plates (the latter selective for coliform 
including E. coli. This "undiluted" sample is used to verify that lhe "cleaning" and 
bumugwuzatfou process does not change the final outcome in terms of types of 
bacteria and relalive counting. 

All plates were incubated for 12-24 hours at 37°C until colonies of bacteria 
appeared on (he plates. When necessary, typically with the Slanetz-Banley and 
Bile-esculine-azide plates, incubation for up to 48 hours was performed. 

All colonies grown on Mac-Conkey and Mueller Hmlon plates were 
counted for determination of the total bacteria count 

Enterococcus sp. colonies appeared on the Slauetz-Bartley and Bile-esculine 
aside plates as red or big black haloed colonies respectively. These Enterococus sp. 
colonies were counted. The percentage of the Enteracocci colonies from the total 
number of colonies was determined. 

Further, in m-endo-LES medium pink, oJX-white or blue-purple Coliform 
colonies appeared, being indicative for the presence of E.coli colonies. 

Srreptococcus bwis colonies were determined as those being Bile-Esculine 
positive and Group D antigen positive, however, NaCl (6.5%) negative and PYR 
negative. 

For the forjnation of single colony plates, (lie following procedure was 
employed. By the use of a bacteriological loop coliform colonies were picked 
(quantity depends on quantitative analysis of Ihe sample in order to maintain (he 
original ratio) from each plate and transferred onto a Mueller-Hinlon Agar plat lor 
incubation at 37°C. 
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Rcsults 

The presence or absence of Enterococcus sp. and/or Streptococcus boyis in 
die different plates was examined. Entetroccocus sp. bacteria were identified as rod 
colonics on Slanctz-Bartlcy or big black haloed colonies on Bile-csculine-azide as 
5 described above as well as those colonies that were Bilc-Esculiae positive arid 
NaCI (6\5%) positive 

Streptococcus bovis colonics were determined as those being Bilc-Escuiiue 
positive and Group D antigen positive (cnterococci bear the Lancefield Group D 
antigen, however, NaCI (0.5%) negative and PYR negative (Enterococcus produces 
10 a positive PYR lesL (red color produced after addition of N, N methyl 
aimcK^ynnanialdehyde reagent after exposure to L-pyrroMonyi-beta- 
napnthylamide (PYR) substrate). Streptococcus bovis was determined in the same 
manner. 

The following Table 1 shows the results obtained. Positive results are 
1 5 indicated by *'+" in the table. 



Table 1 





BJJe-Escnlin 


NaCI (6.5%) 


PYR 


Group D Antigen 


Enterococcus sp 


+ 


+ 


+ 


+ 


Streptococcus 
bovis 


+ 






+ 



As indicated above, MacConkey Agar plates support growth of coli&nn 
containing Enlerubaclcria (E-coil). Typically, B.coli appears as red colonies (lactose 
20 positive), In unlet to detcmunc the fraction of E.Coli from the total Entcfococci 
colonies and thereby Jxoui the total bacteria count, the following tests were 
performed, (a) Indol test; (b) Simmons Cilrate lest; (c) Ornitine decaiboxylasc 
(ODC); and (d) motility test 
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E.coli colonies were determined only when 98% of the bacteria were Indol 
positive; 99% of the bacteria were Simmons Citrate negative; 65% of the bacteria 
were Ornitine decarboxylase (ODC) positive; and 95% of the bacteria were motile. 

Alternatively, the indol, ODC and motility tests may be performed using an 
5 MIO medium which enables conducting all three test in a single procedure. 

The fraction of E.coli from (he total conform was determined by calculating 
the percentage of red colonies from the total amount of colonies grown in the same 
Slanetz-Bartley agar plate or by calculating the percentage of red colonies on 
Slanetz-Bartley plates from the total amount of colonies on Mueller-Hinton plates 
to (more accurate). The analysis was performed using a spectrophotometer. 



EXAMPLE II 

Incubation of bacteria with cancer cefls 

For evaluating the effect of the feces-derived microorganisms on cancer 
cells, the following procedure was performed: 

is A suspension of cancer cells (concentration of 4xl04cells/100 ul), in serura- 

frcc DMEM was introduced into 96 well plates (6 duplicates for each stool, 
sample). 

Mueller-Hinton plates containing bacteria were washed with 10-iul DMEM 
and the bacterial suspension obtained was collected in I 5-ml tubes. Aliquots of 
20 bacterial suspension (50 pi of bacterial suspension (2x1 0 6 bacreria /ml)) were then 
introduced into the tumor cell- containing wells. 

For the formation of single colony plates, the procedure as described above 
was employed. In particular, by the use of a bacteriological loop coliform colonies 
were picked (quantity depends on quantitative analysis of the sample in order to 
25 maintain the original ratio) from each plate and transferred onto a Mueller-Hinton 
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Agar plat for incubation at 37"C to form the diagnostic sample for further 
incubation with the cancer cells. 

Cancer cells-containing wells, in which nu bacteria were introduced, were 
used as a regular negative control . 

5 Ail wells were then incubated for 4 hours at 37*C after which the content of 

each well was mixed and aiiquots of the well content (130pj) were dried un glass 
slides at room temperature until, the slides became dry followed by fixation of die 
cells on the slide and staining of the cells according to manufacturer instructions 
using the Giemsa stain kit (Merck). 

10 The extent of interaction between the test sample of bacteria and the 

standard culture of cancer cells is made by counting the number of cancer cells 
remaining m the visual field of the microscope, after fixing and dyeing as 
necessary. The operative methods for counting cells on a microscope slide are per 
se known to persons in the filed and include, for example, human manual counting 

15 or by the use of an Automated Computer Assisted Microscope (ACAM) using a. 
pre-defined algorithm (by counting 64 fields per glass slide). 

The automated Computer Assisted Microscope disclosed herein, performs 
the following priuoipal steps: 

1) A three dimensional (3D) Auto-Focus is directed at the depth of the 
20 cells and not to the bacteria- Cells only from the slide window; 

2) By the use of a counting software, the cells are classified as high 
relevant, relevant, not relevant, W#uy not relevant cells, etc, by analyzing each cell 
object to determine if its external membrane has not been disrupted (by the 
bacteria) or is "damaged", i.e. at least partially lysed by 1he bacteria; 

25 3) Further, by the use of the software, cells are differentiated from other 

objects of die same size and of a similar shapes (including Gimza dry stains); 
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4) Yet fttrther, by the use of the counting software, cells are counted in a 
predefined window in order to nttrrimize any deviations in the resulting index as 
defined below. 

A Tumor CeU Necrosis Index (TCNI) may be calculated -which is indicative 
5 of the number of surviving cancer cells. The TCNT may be determined according to 
the following equation: 

(a-b)/aX100 = C 

wherein 

C = the tumor cell necrosis index (TCNI) 
io a - the number of cancer ceils in the negative control samples (wifooul the 
bacteria) or the number of standard cancer cells destroyed in the presence of the 
'control' bacteria; 

b - the number of cancer cells not destroyed by the tested sample. 
Qualitatively, it will be apparent Dial in a healthy patient in which the 
is intestinal bacteria have a similar activity lo the 'control' sample, b will be low 
giving a relatively high TCNI, whereas with cancer patients carrying canoerolytic 
cells b will have a relatively high value and the TCNI will be lower. 



Results 

Fig. 2A and 2B show microscope pictures of the result of incubation of 
20 bacteria samples obtained from cancer patients or healthy subjects (diagnostic 
samples as prepared by the method of the present invenUon) with me standard 
cancer cells. In particular, a larger amount of viable cancer cells axe visualized in 
Uie culture treated with a sample obtained from a healthy subject <Fi S .2A), as 
compared to the result obtained with a bacteria sample obtained from a sick subject 
25 (Fig.2B). 

The results obtained were analyzed statistically based on a group containing 
110 subject, of which 38 were active cancer patients, 36 were cancer patients with 
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no evidence of disease (i.e. potentially cured, also referred to as cancer NED 
subjects) and 36 were healthy subjects. 

In the following analysis three cut-off values of TCNI were determined 50% 
cut-off, 60% cut off and 70% cut-off. For example, in the case of 60% cut -off, if 
5 upon mixing the bacteria with cancer cells more than 60% of the cells were 
destroyed then the test was regarded as negative for cancer while if 60% or less of 
the cells were destroyed, the test was considered positive for cancer. 



The following statistical results were obtained (95% confidence limits): 





70% cut-off 


60% cut-off 


50% cut-off 




Sensitivity 


Sensitivitv 


Sensitivitv 


Active cancer 


74% 


68% 


61% 


Non-cancer 


61% 


81% 


86% 




Specificity 


Snecjficiiv 


Specificity 


Non-cancer 


61% 


81% 


86% 



These results which had been obtain from General population without 



10 selection show that the screening melhod of flie present invention is sufficiently 
sensitive, i.e. capable of testing cancer patients as positive for cancer as well as 
highly specific, i.e. capable of testing healthy subjects as negative for cancer). 

In addition, for a chosen cut-off of 60% liie Wilcoxon Rank Sum Test was 
used in order to determine whether there is a statistically significant shift in the 

15 index values between the cancer groups and die non-cancer groups. A rank-sum 
normal statistic with correction Z = -4.25, and p-value < 0.0001 was obtained. This 
result shows that there is a statistically significant difference between the 
distribution of test scores in active cancer group and nan cancer groups. 

The effect of antibiotics on the validity on the index values was also 

20 evaluated. Out of the tested subjects, 1 of the 38 active cancer subjects and 10 of 
the non-cancer subject were treated with antibiotics. In the former case an index 
value of 24 was obtained as compared to a mean value of 44.2 for the remainder of 
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the group members, while in the latter case a mean index value of 74,5 was 
obtained as compared to 66.9 among the remainder of the group members. 

These results may suggest that there is no apparent effect of treaonent with 
antibiotics on the I'CNl obtained. 

5 EXAMPLE ILL 

Characterisation of fecal bacteria derived L-PAR 

In order to characterize I .-PAR from fecal bacteria, the expression levels of 
the enzyme by fecal derived bacteria was determined. Assessment of the level of 
expression was performed by Immiinoblots, a<?ing a specific antibody, and by 
10 assessing the amount of specific mRNA using conventional molecular methods 
such as reverse transcription (K1>PCK. In addition, L-PAR TT activity may be 
dkectly evaluated by the use of a standard enzymatic assay. 

Immwmhlat 

Fecal bacteria were grown anaerobically, collected and disrupted by 
is sonication. "Bacterial proteins were separated by polyacrylamide gel electrophoresis, 
blotted to nitrocellulose and probed willi asparaginase fl-specific antiscra. 

Reverse transcription (RT)-PCR is a valuable tool widely used for gene 
expression. la bacteria, KT-PCR is helpful beyond standard protocols of northern 
20 blot RNA/DNA hybridization to identify specific transcripts. RT-PCK. has been 
successfully used with different microorganisms such as S. aureus, C. hotulmum, 
M. tuberculosis and fungi. 

Accordingly, in. order to assess the urdiiscription level of the enzyme bacteria 
is grown anaerobically from which bacterial KNA is isolated quantitative RT-PCR 
25 is performed using jjrimers specific to L-PAR II (according to published gene 
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sequenoe of this enzyme). The sequence of the L-ASPARAGINASE II is well 
defined aad may be available, ititer alia, through NCBI (Accession No. M34277). 

Tt. has been found that the presence of L-PAR U mRNA could be detected 
-without the need of amplification of the sequence by RT-PCR, while, in order to 

5 detect the mKJMA from samples obtained from cancer patients one or more RT- 
PCR amplifications were required. These results teach the correlation between the 
level of expression of L-PAR II and the probability of a subject to have cancer, i.e. 
feces derived, bacteria from healthy subjects have a high level of expression of L- 
PAR II while fcccs-dcrivcd bacteria from sick subjects have a low level of 

w expression of L-PAR II. 

r^AspnM^tnrtuf. Pnxym/i.Hn Assent 

Spheroplasts are generated by treating anaerobicaJJy grown bacteria with 
lysazyme and EDTA following osmotic shock. Under these conditions, L-PAR U 
has been shown to be released into the medium while most of the L-PAR I remain 
15 intracellularly. 

Asparaginase activity is assayed using the method of direct Nesslerization of 
ammonia according to which the rate of hydrolysis of asparagine hy the enzyme is 
determined. In particular, ammonia reacts with Nessler's reagent to form a 
yellowish-brownish complex that can be quantified by spectrophotometer. Nessler 

20 reagent is an alkaline solution of potassium mercuric iodide commonly used in 
analytical chemistry, especially for testing the presence of ammonia in aqueous 
solutions (water sample, blood sample or urine sample). 

Alternatively, it is possible to determine L-PAR H levels in mixtures of the 
two isoforms (I and II). The method requires calculation of the ratio of activity at 

25 pll 5.0 and pH 8.4 and applying a mathematical equation to correct the contribution 
of (he activity of each isoform. 



